This study investigated the natural history and biological behavior of incidental fusiform aneurysms in four patients with incidental fusiform aneurysms of the vertebrobasilar arterial system who had been followed up for more than 3 years (mean 3.5 years). Two lesions remained the same size, and two lesions gradually grew. Angiography showed the non-growing fusiform aneurysms as a circumferentially or unilaterally fusiform dilatation of a short segment of the vertebral artery with smooth walls and a steep slope of the dilatation, and the growing fusiform aneurysms as unilaterally fusiform involving a long segment of the vertebral artery or basilar artery with irregular walls and a gentle slope of dilatation. Magnetic resonance (MR) imaging demonstrated the non-growing fusiform aneurysms as a signal-void area, and the growing fusiform aneurysms as high and intermediate signals in addition to the normal flow void. The heterogeneous MR intensities probably correspond to turbulent flow, laminar flow, thrombosis, or intramural hematoma. Differentiation of growing and non-growing fusiform aneurysms is very difficult at the initial diagnosis. However, enlargement of the fusiform aneurysms is consistent with hemorrhage into the aneurysmal wall, which is confirmed by MR imaging. Fusiform aneurysms with the characteristics of the growing aneurysms cannot be overlooked because of the potential to develop into giant fusiform aneurysms which are very difficult to manage therapeutically.
Introduction
Fusiform aneurysms of the vertebrobasilar arterial system are difficult to manage therapeutically, especially large and giant fusiform aneurysms. The natural history of intracranial saccular aneurysms is well established, whereas that of fusiform aneurysms is less known. 1, 13) Therefore, decisions about the management of incidentally-discovered fusiform aneurysms are very difficult. Recently, the number of cases of incidentally-discovered cerebral aneurysms has increased. This follow-up study investigated incidentally-discovered fusiform aneurysms in the vertebrobasilar arterial system to understand the natural history and biological behavior.
Clinical Material and Methods
Six patients with incidental fusiform aneurysms of the vertebrobasilar arterial system were treated between December 1993 and December 1999. Diagnosis was based on magnetic resonance (MR) imaging and angiography. All fusiform aneurysms were identified incidentally. No patient had any symptoms related to the aneurysms. Four patients with a long-term follow up of more than 3 years were included in this study. The most recent two patients were excluded. Patient characteristics are summarized in Table 1 . At the initial admission, both MR imaging and angiography were performed, and then follow-up MR imaging was taken once a year in the outpatient department. In this study, the clinical symptoms and MR imaging findings were retrospectively reviewed with a follow-up period of 38 to 53 months (mean 3.5 years). Blood pressure was controlled in all patients. No antiplatelet agents or anticoagulants were given to any patient. One patient had a clear history of systemic hypertension. T. Yasui et al.
Results
The four aneurysms could be classified into two groups, based on the changes in aneurysm size. Two patients (Cases 1, 2) remained clinically and radiologically silent in the non-growth group. Two patients (Cases 3, 4) showed growth of the aneurysms in the growth group, and Case 4 developed symptoms related to brainstem compression (Table 1) . Angiography showed the aneurysms in the nongrowth group as a circumferentially or unilaterally fusiform dilatation of a short segment of the vertebral artery with smooth walls and a steep slope of the fusiform dilatation (Fig. 1) . MR imaging showed no abnormal findings, except dilatation of the signal-void area corresponding to the arterial blood flow (Fig. 2) . In contrast, angiography showed aneurysms in the growth group as unilaterally fusiform involving a long segment of the vertebral artery or basilar artery with irregular walls and a rather gentle slope of the fusiform dilatation (Fig. 3) . MR imaging showed high and intermediate intensity signals in addition to the normal flow void, suggesting intraaneurysmal turbulent flow, laminar flow, thrombus, or intramural hemorrhage (Fig. 4) . Table  2 summarizes these characteristics. Case 3 initially presented with no symptoms, but 2 years after the initial diagnosis, MR imaging revealed slight enlargement of the aneurysm caused by mural hemorrhage occurring in the outermost layer. Thereafter, the aneurysm size remained unchanged. Case 4 is presented in detail below.
Illustrative Case
Case 4: A 64-year-old man suffered massive nose bleeding. Computed tomography indicated dilatation of the lower basilar artery. Vertebral angiography showed a fusiform dilatation of the lower basilar artery (Fig. 3B) . MR imaging showed the lower basilar artery as a fusiform dilatation with a mixture of signal intensities (Fig. 4B) . He was followed up by MR imaging in the outpatient department. MR images one year later showed no remarkable Incidental Fusiform Aneurysms changes. Two years later, he did not come to our hospital. Three years later, he suddenly developed vertigo, nausea, and hearing disturbances and was admitted to another hospital. MR imaging performed in that hospital revealed the small fusiform aneurysm had evolved into a giant, serpentine aneurysm (Fig. 5) .
Discussion
Fusiform and dolichoectatic aneurysms occur most frequently in the vertebrobasilar arterial trunk and are among the most difficult aneurysms to treat. There appears to be a spectrum of dolichoectatic aneurysms ranging from a small fusiform aneurysmal dilatation of a single vessel to a giant dolichoectatic aneurysm filled largely with thrombus, also described as a giant serpentine aneurysm. These aneurysms, particularly large partially thrombosed lesions, often cause clinical symptoms due to compression of the surrounding neural structures, ischemia resulting from local perforating vessel thrombosis or distal thromboembolism, or subarachnoid hemorrhage. 1) Symptoms due to brainstem compression are usually slowly progressive, but rapid neurological aggravation can occur although the aneurysm has not ruptured, because of acute swelling of the aneurysm after intramural hemorrhage. 15) Some of the small fusiform aneurysms may remain quiescent, but continual growth of a small fusiform aneurysm may lead to the formation of a giant serpentine aneurysm. 13) Case 4 is an excellent example of this process.
Defects of the internal elastic laminae are consistent pathological findings in most fusiform T. Yasui et al.
aneurysms of the vertebral artery. 12, 14) The internal elastic lamina contains the elastic tissue and is the most important layer for determining the strength of the vessel wall. 6) Therefore, vessels are more prone to damage if elastic tissue is defective. Progressive dilatation of the vessels due to a defect of the internal elastic lamina may be an important factor in the pathogenesis of fusiform aneurysms. 7, 8, 16) Recent findings suggest that the growth of a giant serpentine aneurysm is not always dependent on the pulsatile blood flow and that intramural hemorrhage is a more likely mechanism. Intramural thrombus may be caused by neovascularization and subsequent recurrent hemorrhage within the aneurysmal wall, 3, 11) or by dissection of the aneurysmal wall due to the residual blood flow in the lumen. 4, 10) Recently, the clinical presentation of nonatherosclerotic intracranial aneurysms was correlated with the patterns of internal elastic laminae (IEL) disruption. 9) Four types were found. Type 1 lesions are classic dissecting aneurysms with a malignant clinical course and show widespread disruption of the IEL without intimal thickening. Type 2 aneurysms are simple ectatic arteries with benign clinical behavior, the IEL is stretched or fragmented, and there is evidence of intimal thickening. Type 3 lesions are dolichoectatic aneurysms, which represent progression of dissection into a serpentine aneurysm, and have fragmented IEL and multiple dissection of thickened intima with luminal thrombus. Type 4 lesions somewhat resemble pure hemodynamic aneurysms not associated with arterial branching and display minimal disruption of the IEL without intimal thickening. 9) Probably, our non-growth group corresponds to Type 2, and our growth group to Type 3 in this classification. Differentiation between the growth group and non-growth group of fusiform aneurysms is essential for therapy decision-making and the prognosis, although this may be difficult at the initial diagnosis. Confirmation of the presence of intramural hemorrhage is very important for diagnosis of an aneurysm in the growth group. However, intramural hemorrhage is not always easy to identify, because turbulent flow, laminar flow, or intraaneurysmal thrombus in fusiform aneurysms may mimic the findings of intramural hemorrhage on MR imaging. 2) In our present study, fusiform aneurysms in the growth group appeared as various signal intensities in addition to a normal flow void on MR imaging, and had irregular walls, involvement of a long segment, and gently-sloping dilatation on angiography. Recently, another case of enlarging vertebrobasilar dolichoectasia was reported, and the MR imaging and angiography showed the same findings. 5) Fusiform aneurysms with these characteristics may have intramural hemorrhage and the potential to cause intramural hemorrhage, and may already be growing and eventually could evolve into a giant, serpentine aneurysm. Address reprint requests to: T. Yasui, M.D., Department of Neurosurgery, Osaka City General Hospital, 2-13-22 Miyakojima-Hondohri, Miyakojima-ku, Osaka 534-0021, Japan.
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